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The regenerative and established phases of E. e/ephantina 
were examined to explain its distribution and potential as 
an invasive species on Maccauvlei. The seedlings are able 
to establish under environmental conditions unfavourable to 
the grasses but during the early stages of growth do not 
appear to be highly competitive. The competitive ability of 
established plants however, is related to their ability to 
spread by rhizomes, to store large quantities of reserves in 
secondarily thickened roots and to root to depths below the 
other plant species. 
S. Afr. J. Bot. 1986, 52: 100 - 104 
Om die verspreiding en indringingspotensiaal van E. 
e/ephantina te bepaal, is saailinge en gevestigde stadiums 
op die plaas Maccauvlei ondersoek. Die saailingstadium is 
in staat om onder omgewingstoestande wat ongunstig vir 
grassoorle is, te vestig, maar is skynbaar nie gedurende die 
jong stadium hoogs mededingend nie. Die vermoe van 
gevestigde plante om suksesvol te kompeteer, is gekoppel 
aan hul vermoe om deur middel van risome te versprei , om 
groot hoeveelhede voedingstowwe in hul sekonder verdikte 
worlels te berg, en om worlels te vorm wat dieper in die 
grond indring as die van ander plantspesies. 
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Introduction 
Elephantorrhiza elephantina (Burch.) Skeels found throughout 
southern Africa, is the most widespread member of its genus 
(Ross 1974). It is reported to be one of the most problematic 
intruders in the southern Kalahari, encouraged by overgrazing, 
burning and scraping along roads (Leistner 1967), and also 
on the rughveld in areas that have been burned (phillips 1923). 
E. elephantina replaces perennial grasses under these condi-
tions (Leistner 1967), reducing grazing capacity. Its control 
on the farm Maccauvlei has therefore been recommended 
(Smuts 1983), and this study was initiated to provide an 
understanding of the basic ecology of the species as a prere-
quisite to its effective control. 
Concepts relating to plant strategies, defined as groupings 
of similar or analogous genetic characteristics which recur 
widely among species or populations and cause them to exhibit 
similarities in ecology (Grime 1981), have provided a useful 
framework in which to consider the present distribution and 
dynamics of E. elephantina at the study site. In considering 
the evidence for primary strategies in plants, Grime (1977) 
suggests that two categories of external factors limit plant 
biomass, namely stress and disturbance. When the four permu-
tations of rugh and low stress with high and low disturbance 
are examined, it is evident that only three are viable as plant 
habitats (highly disturbed, severely stressed habitats prevent 
recovery or re-establishment of vegetation). Each of the 
remaining contingencies has been associated with the evolution 
of a distinct type of strategy, namely competitive, stress 
tolerant and disturbance tolerant (ruderal). These three strate-
gies are extremes, and the genotypes of the majority of plants 
appear to represent compromises between the conflicting 
selection pressures resulting from particular combinations of 
competition, stress and disturbance (Grime 1977). The aim 
of this study was to compare E. elephantina with the other 
herbaceous species on the site in terms of adaptive strategy 
wruch allows it to succeed. 
The study site is situated immediately south of Vereeni-
ging between latitudes 26°40'S and 26°44'S and longitudes 
27°56,5'E and 28°00'E. It covers an area of approximately 
2 500 hectares, of wruch 40070 presently exists as plantations 
of exotic trees and the remainder as grasslands, of wruch there 
are two major types - vlei and uplands (Lloyd 1984). The 
farm Maccauvlei is currently run as a game farm stocked with 
various species including black wildebeest (Connochaetes 
gnou), blesbok (Damaliscus dorcas phillipSl), blue wildebeest 
(Connochaetes taurinus), eland (Taurotragus oryx), gemsbok 
(Oryx gazella) , impala (Aepyceros melampus melampus), 
kudu (Tragelaphus strepsiceros), red hartebeest (Alcephalus 
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buselaphus), springbok (Antidorcas marsupialis), waterbuck 
(Kobus ellipsiprymnus) and zebra (Equus burchellz) (Smuts 
1983). 
Materials and Methods 
The distribution of E. elephantina was mapped using an aerial 
photograph of scale 1: 15 000 in conjunction with detailed field 
observations. 
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Figure 1 Distribution of E. elephantina on the farm Maccauvlei. 
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Seeds were germinated by placement in running water for 
24 h, after which they were placed in seed trays 20 mm below 
the surface of soil collected from the study site. These were 
maintained at room temperature and watered to saturation 
every two days for a period of three weeks. 
Field experiments using germinated seeds were carried out 
from the beginning of September in a single enclosure in a 
grassland dominated by Aristida junciformis Trim. & Rupr. 
2 ~ E. elephantina (high density) . .... ...• Forest ........ 
Grassland (!: elephantina at low 
densities) tJ ;::~ b".do<. 
Major farm roads 
Localities referred to in text 
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to determine the effect of above- and below-ground competi-
tion by grasses. Plots each 4 m2 were cleared of above-ground 
phytomass to give the following estimated aerial covers: 100070, 
50%,25% and 0%, while another was cleared of above- and 
below-ground phytomass, after which the soil was compacted 
using a stamp. In each plot 20 freshly germinated seeds were 
planted and these were examined after three months, at which 
time all the viable seedlings were removed and the root and 
shoot lengths were measured (assumed to reflect seedling 
vigour). Least significant difference values were determined 
for the roots and shoots using an analysis of variance. 
The extent of lateral spread of the rhizome system was 
investigated by excavating a 30° segment from the centre to 
the edge of a single patch of E. elephantina approximately 
10 m in diameter. 
Estimates of the above- and below-ground phytomasses of 
E. elephantina were made in a transect in which five 1 m2 
plots were evenly spaced across an individual. In each plot the 
numbers of shoots and roots were counted. The dry phyto-
masses of shoots, roots and rhizomes were also determined 
after oven drying at 80°C. The lengths and relative ages [using 
rings of fibres in the secondarily thickened roots (Ellery 1984)] 
of each of the storage roots were also determined. 
Below-ground community structure to a depth of 1,5 m 
was measured using biomass estimates over 0,5 m intervals 
below the soil surface in a transect across an individual plant 
of E. elephantina. In the interval 0-0,5 m the root and 
rhizome biomasses of E. elephantina were measured separate-
ly, whereas in the case of Cynodon dactylon (L.) Pers. they 
were measured together. The below-ground phytomasses of 
Dichapetalum cymosum (Hook.) Engl., annual herbs and 
other species (mainly perennial grasses) were also measured 
in this interval. In the intervals below 0,5 m the phytomasses 
of roots of E. elephantina, D. cymosum and 'other' species 
were measured since more accurate identification was not 
possible. 
Results 
E. elephantina occurs sporadically throughout the upland 
grassland communities - i.e. those on sandy soils. It occurs 
at extremely high densities in certain areas (Figure 1), namely 
those that are burned regularly from fires started adjacent to 
the farm (e.g. Locality 1, Figure 1) as well as in old roads 
that ran between plantations which have since been felled (e.g. 
Locality 2, Figure 1). 
Of the seeds placed in soil in seed trays 55% germinated. 
The remainder were inadvertently placed in a plastic bag in 
the dark at room temperature for five weeks. Of these a 
further 18,5% germinated and remained viable despite ex-
tremely low light levels and moisture availabilities. 
Seedlings responded positively to decreased light intensities 
as well as to decreased below-ground competition during the 
first three months of growth (Table 1). An analysis of variance 
showed significant differences between the treatments for both 
roots and shoots, least significant difference values being 2,50 
and 2,05 respectively. 
E. elephantina is able to spread to a considerable extent 
by rhizomes. The number and phytomass of roots and of 
above-ground shoots decrease towards the edge of the indivi-
dual, as does the phytomass of the rhizomes as well as the 
phytomass, length and age of the largest root in each plot 
(Table 2). The plot with the oldest root and the highest root 
phytomass is considered to be the 'centre' of the individual 
(plot no. 4 in this case). The rate of spread towards the south 
is approximately constant (0,63 m per annum) and greater 
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Table 1 Seedling survival and mean shoot and root 
lengths and standard deviations (S.D.) of E. e/ephantina 
seedlings grown for 3 months in plots experiencing 
different levels of above- and below-ground competition 
by perennial grasses 
No. seedlings 
Treatment at the survived the Mean shoot Mean root 
beginning of the experiment length and length and 
experiments out of 20 S.D. (cm) S.D. (cm) 
1000/0 grass cover, 
roots of grasses 9 15,3±4,7 15,0±3,2 
left intact 
50% grass cover, 
roots of grasses 6 9,1 ± 2,5 7,1 ±2,5 
left intact 
25 % grass cover, 
roots of grasses 5 5,2±2,4 6,7± 1,7 
left intact 
0% grass cover, 
roots of grasses 7 0,8 ± 1,5 1,3± 1,7 
left intact 
0% grass cover, 
roots of grasses 8 3,6±3,5 5,9±5,5 
removed, soil 
compacted 
Table 2 Above-and below-ground features of E. e/e-
phantina as measured in five plots evenly spaced 
across an individual in a north-south transect 
Quadrat No. 2 3 4 5 
Position of quadrat 
(m from south to north) 0 - 1 3-4 6-7 9- 1012 - 13 
No. shoots I 16 26 33 
Shoot phytomass (g) 3,6 63 114 151 2,1 
Rhizome phytomass (g) 19 312 513 624 4 
No. storage roots 11 13 10 
Age oldest root (yrs) 6 II 15 
Total root phytomass (g) 652 1525 4095 
Phytomass largest root (g) 118 522 2830 
% Phytomass contributed by 
largest root 18 34 69 
Length longest root (cm) 28 73 205 
than the rate of spread towards the north (0,23 m per annum). 
The numbers of shoots, total shoot phytomass and mean 
phytomass per shoot increase rapidly from the edge of the 
individual and soon approach a maximum. The same pattern 
is evident for rhizome phytomass (assumed a function of 
rhizome density) and for root numbers. The total root phyto-
mass and the phytomass and length of the largest root, 
however, are all very high at the centre of the individual, 
rapidly decrease and then level off towards the edge. This 
suggests that one or a small number of roots are favoured 
within an expanding individual to function as storage organs 
and to penetrate the soil. 
The extensive development of underground organs by E. 
elephantina suggests that it is the below-ground portions that 
playa fundamental role in its dynamics. Phytomass data for 
0,5 m intervals below the soil surface for various species and 
groups of species are shown in Figure 2. The phytomass of 
E. elephantina roots increases towards the centre of the 
individual in each interval, and at the centre of each individual 
root phytomass is greater than the phytomass of any of the 
other species, particularly below the depth of 0,5 m. Further, 
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Figure 2 Below-ground community structure as measured in 0,5 m intervals in plots evenly spaced across a single individual of E. elephantina. 
E. elephantina roots to a greater depth than any of the other 
species. 
Discussion 
A basic tenet of the theory of plant strategies is that species 
may exhibit different strategies during the regenerative and 
established phases of their life cycle (Grime 1981). This study 
illustrates such a difference and emphasizes the need to 
investigate each of these phases to understand a species' 
distribution and dynamics. 
The regenerative phase 
The seeds are ellipsoids ranging in size from 18 - 26 x 13 -
18x6-13 mm (Ross 1974). They are quite large based on 
the range of variation of seed size in the angiosperms as given 
by Harper et al. (1970). Production of large seeds enables seed 
persistence for long periods under unfavourable conditions 
(Grime 1979) and enables greater seedling agressiveness (Har-
per et al. 1970). Seeds having a large size in relation to the 
rate of seedling growth trade off competitive aggressiveness 
with effective buffering against unfavourable environmental 
conditions during establishment (Grime 1979). 
Establishment of seedlings has been shown to be enhanced 
under conditions of decreased light intensity, as well as under 
conditions of reduced below-ground competition. In the roads 
between stands of trees in the plantations, such conditions 
would favour the establishment of seedlings of E. elephantina, 
and explain the present distribution of this plant in roads that 
have been abandoned since the removal of many of the 
plantations. 
The established phase 
Vegetative expansion by rhizomatous spread ensures the 
prolonged attachment of developing ramets to the parent 
plant, and the mobilization of resources from the parent plant 
in quantities adequate to sustain them during establishment 
(Grime 1979). This ensures a low risk of mortality to the 
developing ramets and enables the establishment and local 
consolidation of perennial herbs and shrubs in particular, 
sometimes in habitats in which establishment from seed is 
precluded (Pelton 1953). It is thus considered one of four 
consistent features of competitive plants (Grime 1979), al-
though it is also considered a strategy adaptive to survival 
in environments in which plants are stressed or subject to 
frequent defoliation such as in ecosystems influenced to an 
appreciable extent by fire (Abrahamson 1980). Vegetative 
expansion by rhizomatous spread thus enables invasion into 
existing grasslands, and also accounts for the dominance of 
this species in areas that are frequently burned. 
The competitive ability of established plants is related to 
the quantity of reserves stored in the perennating organs. The 
large roots of E. elephantina may account for the rapid 
expansion of its foliage earlier in the growth season than any 
of the grass species at the study site (Ellery 1984). The root 
reserves may also play an important role in facilitating rhizo-
matous spread into established grasslands by providing energy 
and structural materials in sufficiently large quantities to 
developing ramets. 
Plant resistance to desiccation is a function of the penetra-
tion of the roots into deeper soil (Hillel & Tadmor 1962) and 
in the southern Kalahari E. elephantina has been reported to 
root to a depth of more than 3 m where it always has access 
to some soil moisture (Leistner 1967). Burtt Davy (1932) 
reports having excavated a root over 8 m long at Vereeniging, 
while in this study a root 4 m long was excavated. E. elephan-
tina has been shown in the present study to root to depths 
greater than any of the other plant species, suggesting that 
it has unique access to a set of relatively deep resources. 
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The invasive ability of E. elephantina results from the 
combination of two different strategies exhibited at different 
stages of its development. In the regenerative phase it is not 
competitive but it succeeds as a species adapted to stressed 
environments by managing to become established under 
difficult conditions. Once established, it becomes an agressive 
competitor and invades existing grassland, owing to a number 
of its life history characteristics, namely its ability to spread 
laterally by rhizomatous spread, its ability to store large 
quantities of reserves underground and its ability to root to 
depths below the levels of other species. These features enable 
it to competitively oust perennial grasses in areas from which 
establishment by seed is precluded. 
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